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(54) BELLOWS SEAL

(67)  {Technical Problem} Provide a bellows seal that
prevents damage, due to shrink-fitting, to the stationary
seal ring which is positioned on the inner periphery side
ofthe seal cover via a bellows in a manner freely movable
in the axial direction, while preventing stress-induced
damage to the bellows and improving the sealing per-
formance at the same time.

{Solution to Problem} The bellows seal is character-
ized by having a bellows 11 installed on the inner periph-
ery side of the seal cover 3 between a seal cover 3 and
first sealring 8 in a manner freely extendable/contractible
in the axial direction, as well as a spring 13 installed on
the inner periphery side of the seal cover 3 to bias the
first seal ring 8 in the direction of the second seal ring 9,
wherein the first seal ring 8 is hermetically coupled by a
lap joint to the end face of a retainer 12 fixed to the bellows
11, and the first seal ring 8 and retainer 12 are installed
on the seal cover 3 side in a manner prevented from
turning by a knock pin 17.

[Fig. 1]
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Description
{TECHNICAL FIELD}

[0001] The presentinvention relates to a bellows seal
used for sealing high-pressure pumps, compressors, and
other equipment that handle high-temperature, high-
pressure liquids exceeding 200°C in oil refining, petro-
chemical, and iron and steel-making chemical applica-
tions, etc., such as hot oils used in decompression dis-
tillation facilities at oil refinery plants.

{BACKGROUND ART}

[0002] One of the traditionally known compact me-
chanical seal devices capable of sealing chemical agents
and other special liquids and which can also be installed
easily in devices, is the invention shown in FIG. 3 which
is a mechanical seal device having: a seal cover 52 in-
stalled on the exterior surface of a rotational axis 51 in
the axial direction, on a device main body 50 having an
inner periphery through which the rotational axis 51 is
inserted; a first seal ring 53 positioned on the inner pe-
riphery side of the seal cover 52 in a manner freely mov-
able in the axial direction; a second seal ring 54 fixed to
the rotational axis 51; a spring 55 positioned on the inner
periphery side of the seal cover 52 to bias the first seal
ring 53 in the direction of the second seal ring 54; and a
bellows 56, adapter 57, and retainer 58 installed on the
inner periphery side of the seal cover 52 between the
seal cover 52 and first seal ring 53 in a manner freely
extendable/contractible in the axial direction; wherein the
spring 55 is installed on the seal cover along the axial
direction in which the bellows 56 extends/contracts, with
the first seal ring 53 fixed to the retainer 58 by means of
shrink-fitting and the first seal ring 53 and retainer 58
installed on the seal cover 52 in amanner prevented from
turning by a knock pin 59 (hereinafter referred to as "Prior
Art 1"; refer to Patent Literature 1).

[0003] Inaddition, alapjointstructure is already known
whose purpose is to solve the problems associated with
the fixing of the aforementioned first seal ring 53 onto the
retainer 58 by means of shrink-fitting, by lapping the con-
tact surfaces of the first seal ring 53 and retainer 58 and
then causing the lapped surfaces to contact each other
to provide sealing (hereinafter referred to as "Prior Art
2"), such as the one described in Patent Literature 2, for
example.

[0004] However, the mechanical seal of Prior Art 1,
while making it possible to reduce the dimension of the
bellows inthe axial direction compared to before because
a sufficient pressure on the first seal ring can be ensured
by the pressure of the spring being installed on the seal
cover and also because the bellows can be placed inside
the mechanical seal device at near its free length,
presents a problem in that the first seal ring may be dam-
aged because the structure where the first seal ring is
fixed to the retainer by means of shrink-fitting causes a
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compressive stress due to the shrink-fitting to always act
upon the first seal ring.

[0005] On the other hand, the mechanical seal of Prior
Art 2, while solving the problem of Prior Art 1 relating to
the shrink-fitting of the first seal ring onto the retainer,
presents a problem in that the seal areas of the first seal
ring and second seal ring, and lapped surfaces of the
first seal ring and retainer, do not provide sufficient seal-
ing performance because, as the first seal ring and re-
tainer adopt a lap joint structure, no countermeasures
are taken for the first seal ring to withstand the pressure
of the sealed fluid.

{PRIOR ART LITERATURES}
{Patent Literatures}
[0006]

Patent Literature 1: PCT International Patent Laid-
open Domestic Re-publication No. WO2010/004809
Patent Literature 2: Japanese Examined Utility Mod-
el Laid-open No. Hei 6-31252

{SUMMARY OF INVENTION}
{PROBLEMS TO BE SOLVED BY INVENTION}

[0007] An object of the present invention is to provide
a bellows seal used for sealing high-pressure pumps,
compressors, and other equipment that handle high-tem-
perature, high-pressure liquids exceeding 200°C in oil
refining, petrochemical, and iron and steel-making chem-
ical applications, etc., such as hot oils used in decom-
pression distillation facilities at oil refinery plants, where
such bellows seal prevents damage, due to shrink-fitting,
to the stationary seal ring which is positioned on the inner
periphery side of the seal cover via a bellows in a manner
freely movable in the axial direction, while preventing
stress-induced damage to the bellows and improving the
sealing performance at the same time.

{MEANS TO SOLVE PROBLEMS}

[0008] To achieve the aforementioned object, firstly
the bellows seal proposed by the present invention is
characterized by having: a seal cover formed between a
housing and rotational axis and installed in a seal cavity;
a first seal ring positioned on the inner periphery side of
the seal cover in a manner freely movable in the axial
direction; a second seal ring fixed to the rotational axis;
a bellows installed on the inner periphery side of the seal
cover between the seal cover and first seal ring in a man-
ner freely extendable/contractible in the axial direction;
and a spring positioned on the inner periphery side of the
seal cover to bias the first seal ring in the direction of the
second seal ring; wherein the first seal ring is hermetically
coupled by a lap joint to the end face of a retainer fixed
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to the bellows, and the first seal ring and retainer are
installed on the seal cover side in a manner prevented
from turning by a knock pin.

[0009] According to these features, the spring exerts
sufficient pressure on the first seal ring and therefore the
bellows need not exert virtually any pressure on the first
seal ring, which in turn allows the bellows to be installed
in a state of near free length and any internal stress re-
sulting from the compression of the bellows can be min-
imized, and as a result the number of bellows pleats can
be reduced to lower the bellows production cost and also
make the bellows seal compact.

[0010] In addition, because the torque generated by
the sliding of the first seal ring is received by the knock
pin and does not act upon the bellows, any fluctuation of
the sliding torque does not affect the bellows which only
receives the stress generated by the sealed fluid and the
minimum internal stress from compression, which means
that the compound stress can be minimized and capacity
to withstand pressure can be improved.

[0011] Furthermore, because the first seal ring is struc-
tured in such a way that it is hermetically coupled to the
retainer via a lap joint, no compressive stress acts upon
the first seal ring due to shrink-fitting unlike in the case
of Prior Art 1 and therefore damage due to compressive
stress can be prevented. Moreover, the first seal ring has
a standalone structure and therefore any change in flat-
ness due to heat can be minimized.

[0012] Inaddition, secondly, the bellows seal proposed
by the present invention is characterized, in addition to
the first features, in that the first seal ring has a step that
projects toward the retainer side and in that the inner
diameter of the step that projects toward the retainer side
is setto that of the center diameter of the bellows or more.
[0013] According to these features, biasing force by
pressure is added via the bellows to the contact part on
the inner periphery side of the step that projects toward
the retainer side and therefore sufficient sealing perform-
ance of the first seal ring and retainer can be maintained.
[0014] In addition, thirdly, the bellows seal proposed
by the present invention is characterized, in addition to
the first or second features, in that the first seal ring is
set in such a way that its centroid in a section cut in the
axial direction is positioned on the opposite side of the
second seal ring with respect to the center between the
second seal ring and retainer.

[0015] According to these features, the first seal ring
slidingly contacts the second seal ring at the height of
the outer periphery and therefore the sealing perform-
ance of the sealing faces of the first seal ring and second
seal ring can be improved.

[0016] In addition, fourthly, the bellows seal proposed
by the present invention is characterized, in addition to
the second or third features, in that the first seal ring is
formed in such a way that its main body has a shape
roughly symmetrical with respect to the centroid, that it
has a step that projects from its main body toward the
second seal ring side, and in that the height of the step
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that projects toward the second seal ring side is set great-
er than the height of the step that projects toward the
retainer side.

[0017] According to these features, the centroid of the
first seal ring can be displaced toward the opposite side
of the second seal ring without impairing the function of
the first seal ring.

[0018] Inaddition, fifthly, the bellows seal proposed by
the present invention is characterized, in addition to the
fourth features, in that the width in the diameter direction
of the step of the first seal ring that projects toward the
retainer side is set smaller than the width in the diameter
direction of the step that projects toward the second seal
ring side.

[0019] According to these features, the face pressure
between the step that projects toward the retainer side
and the retainer becomes greater than the face pressure
between the first seal ring and second seal ring, which
improves the sealing performance of the first seal ring
and retainer.

{Effects of Invention}

[0020] The presentinvention provides excellent effects
as described below.

(1) The spring exerts sufficient pressure on the first
seal ring and therefore the bellows need not exert
virtually any pressure on the first seal ring, which in
turn allows the bellows to be installed in a state of
near free length and any internal stress resulting
from the compression of the bellows can be mini-
mized, and as a result the number of bellows pleats
can be reduced to lower the bellows production cost
and also make the bellows seal compact.

In addition, because the torque generated by the slid-
ing of the first seal ring is received by the knock pin
and does not act upon the bellows, any fluctuation
ofthe sliding torque does not affect the bellows which
only receives the stress generated by the sealed fluid
and the minimum internal stress from compression,
which means that the compound stress can be min-
imized and capacity to withstand pressure can be
improved.

Furthermore, because the first seal ring is structured
in such a way that it is hermetically coupled to the
retainer via a lap joint, no compressive stress acts
upon the first seal ring due to shrink-fitting unlike in
the case of Prior Art 1 and therefore damage due to
compressive stress can be prevented. Moreover, the
first seal ring has a standalone structure and there-
fore any change in flatness due to heat can be min-
imized.

(2) The first seal ring has a step that projects toward
the retainer side and the inner diameter of the step
that projects toward the retainer side is set to that of
the center diameter of the bellows or more, and ac-
cordingly biasing force by pressure is added via the
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bellows to the contact part on the inner periphery
side of the step that projects toward the retainer side
and therefore sufficient sealing performance of the
first seal ring and retainer can be maintained.

(3) The centroid of the first seal ring in a section cut
in the axial direction is positioned on the opposite
side of the second seal ring, and accordingly the first
seal ring slidingly contacts the second seal ring at
the height of the outer periphery and therefore the
sealing performance of the sealing faces of the first
seal ring and second seal ring can be improved.
(4) The height of the step that projects toward the
second seal ring side is set greater than the height
of the step that projects toward the retainer side, and
accordingly the centroid of the first seal ring can be
displaced toward the opposite side of the second
seal ring without impairing the function of the first
seal ring.

(5) The width in the diameter direction of the step of
the first seal ring that projects toward the retainer
side is set smaller than the width in the diameter
direction of the step that projects toward the moving
surface side, and accordingly the face pressure be-
tween the step that projects toward the retainer side
and the retainer becomes greater than the face pres-
sure between the first seal ring and second seal ring,
which improves the sealing performance of the first
seal ring and retainer.

{BRIEF DESCRIPTION OF DRAWINGS}
[0021]

{FIG. 1} is a longitudinal section view explaining the
bellows seal pertaining to Embodiment 1 of the
present invention in its entirety.

{FIG. 2} is an enlarged view of key areas showing
the key areas in FIG. 1 in close-up.

{FIG. 3} is a longitudinal section view explaining the
bellows seal pertaining to Embodiment 2 of the
present invention in its entirety.

{FIG. 4} is a view from A in FIG. 2.

{FIG. 5} is a longitudinal section view explaining the
bellows seal of Prior Art 1 in its entirety.

{MODES FOR CARRYING OUT THE INVENTION}

[0022] Modes for carrying out a bellows seal conform-
ing to the present invention are explained in detail by
referring to the drawings, but it should be noted that they
do not limit the interpretation of the present invention and
various changes, modifications, and improvements may
be added based on the knowledge of those skilled in the
art so long as they do not deviate from the scope of the
present invention.
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{Embodiment 1}

[0023] The bellows seal according to Embodiment 1
of the present invention is explained by referring to Figs.
1and 2.

[0024] InFIG. 1, reference symbol 1 represents a bel-
lows seal used for sealing the device interior side of a
housing 2 from the device exterior side of pumps and
other equipment that handle high-pressure, high-temper-
ature liquids exceeding 200°C in oil refining, petrochem-
ical, and iron and steel-making chemical applications,
etc., such as hot oils used in decompression distillation
facilities at oil refinery plants. The right side of the figure
indicates the device interior side (high-pressure fluid
side), while the left side of the figure indicates the device
exterior side (atmosphere side).

[0025] The bellows seal 1 has a seal cover 3 installed
on a housing 2 in a seal cavity formed between the hous-
ing 2 and a rotational axis 4, as well as a sleeve collar 5
and sleeve 6 fitted on the rotational axis 4. The seal cover
3 is hermetically installed on the housing 2 via an O-ring
7 by a bolt or other fixing means (not illustrated).
[0026] Arranged on the inner periphery side of the seal
cover 3 are a seal ring 8 constituting a first seal ring,
mating ring 9 constituting a second seal ring, adapter 10,
bellows 11, retainer 12 and spring 13.

[0027] The bellows 11 is installed between the adapter
10 and retainer 12 in a manner freely extendable/con-
tractible along the axial direction of the rotational axis 4.
The metal that constitutes the bellows 11 is fabricated
from an alloy such as stainless steel, Inconel, Hastelloy,
or Carpenter, or titanium, etc. The bellows 11 is fixed with
the adapter 10 and retainer 12 by means of welding, for
example.

[0028] Multiple springs 13 are placed on the inner pe-
riphery of the seal cover 3 in the circumferential direction
on the exterior side of the bellows 11 in the radius direc-
tion. The number of springs 13 is not limited in any way,
but it is usually 4 to 24.

[0029] The mating ring 9, contacting the end face of
the sleeve 6 on one end via an O-ring 14 while contacting
the sleeve collar 5 on the other end via an O-ring 15, is
fixed to the rotational axis 4 in a manner being sand-
wiched between the sleeve 6 and sleeve collar 5 and
rotates according to the rotation of the rotational axis 4.
Asealing face 9S is formed on the side face of the mating
ring 9 that faces the seal ring 8 side, and it slides in a
rotating manner while in contact with a sealing face 8S
of the seal ring 8. The mating ring 9 is fabricated from
superhard material SiC (silicon carbide) or WC (tungsten
carbide), carbon, or other ceramics, etc.

[0030] A projection 3A that projects toward the interior
side in the radius direction is formed on the inner periph-
ery of the seal cover 3. The adapter 10 that retains one
end of the bellows 11 is engaged with, and fixed by means
of welding to, the inner periphery surface of the projection
3A and the side face of the projection 3A on the device
interior side. Also formed on the inner periphery of the
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seal cover 3 is a cylinder 3B that extends toward the
device interior side in the axial direction and covers the
outer periphery surface of the seal ring 8.

[0031] The retainer 12 is fixed to the other end of the
bellows 11. Formed on the retainer 12 is a projection 12A
that extends toward the exterior side in its radius direc-
tion, and the projection 12A and seal ring 8 are installed
on the interior side face of the seal cover 3 in a manner
prevented from turning by a knock pin 17. Additionally,
the spring 13 is placed between the projection 12A and
the interior side face of the seal cover 3, and this spring
13 biases the projection 12A toward the mating ring 9
side along the axial direction of the rotational axis 4, with
the seal ring 8 biased toward the mating ring 9 side via
the projection 12A along the axial direction of the rota-
tional axis 4. As a result, the sealing face 8S of the seal
ring 8 slides against, while being in contact with, the seal-
ing face 9S of the mating ring 9 facing it.

[0032] The sealring 8 is such that its main body 8A is
formed to a shape roughly symmetrical to the centroid
and so that it has a step 8B that projects from the main
body 8A toward the mating ring 9 side as well as a step
8C that projects toward the retainer 12 side. The tip of
the step 8B forms the sealing face 8S that slides against,
while in contact with, the sealing face 9S of the mating
ring 9 facing it. On the other hand, the tip of the step 8C
is in contact with the retainer 12. The tip of the step 8C,
and the end face of the retainer 12 contacting the tip of
the step 8C, are lapped and the lapped surfaces of the
two are hermetically coupled via a lap joint. The seal ring
8 is fabricated from superhard material SiC (silicon car-
bide) or WC (tungsten carbide), carbon, or other ceram-
ics, etc.

[0033] The gap between the outer periphery of the seal
ring 8 on one hand and the inner periphery of the cylinder
3B covering the outer periphery surface of the seal ring
8 of the seal cover 3 on the other is minimized to reduce
the amount of displacement of the seal ring 8 in the di-
ameter direction. In addition, a snap ring 18 is installed
on the inner periphery surface of the cylinder 3B on the
tip side.

[0034] AsshowninFIG. 2, the sealring 8 is setin such
away thatits centroid in a section cut in the axial direction
is positioned on the retainer 12 side, or specifically on
the opposite side of the mating ring 9, with respect to the
center between the mating ring 9 and retainer 12. To be
specific, L > b / 2 is satisfied, where L represents the
distance from the mating ring 9 side to the centroid, while
b represents the distance between the mating ring 9 and
retainer 12. In this example, this displacement of the cen-
troid toward the opposite side of the mating ring 9 is due
to the fact that the step 8B that projects toward the mating
ring 9 side from the main body 8A of the seal ring 8 having
aroughly symmetrical shape is set to project higher than
the step 8C that projects toward the retainer 12 side.
Since the cross-section area of the step 8B and that of
the step 8C are sufficiently smallrelative to the main body
8A, setting the height of the step 8B greater than the
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height of the step 8C causes the centroid of the main
body 8A to displace toward the opposite side of the mat-
ing ring 9 and consequently the overall centroid in the
section cut in the axial direction of the seal ring 8 is dis-
placed toward the opposite side of the mating ring 9 with
respect to the center between the mating ring 9 and re-
tainer 12.

[0035] Also, as shown in FIG. 2, the inner diameter D
of the step 8C that projects toward the retainer 12 side
of the seal ring 8 is set to that of the center diameter D,
of the bellows 11 or more. In addition, the width W, in
the diameter direction of the step 8C that projects toward
the retainer 12 side of the seal ring 8 is set smaller than
the width W, in the diameter direction of the step 8B that
projects toward the mating ring 9 side.

[0036] Onthe bellows seal 1 thus constituted, a spring
13isinstalled on the inner periphery side of the seal cover
3 along the axial direction of the rotational axis 4 in which
the bellows 11 extends/contracts. Since the spring 13
exerts sufficient pressure on the seal ring 8 via the re-
tainer 12, the bellows 11 need not exertvirtually any pres-
sure on the seal ring 8. As a result, the bellows 11 can
be installed in a state of near free length and any internal
stress resulting from the compression of the bellows 11
can be minimized. This means that the number of bellows
11 pleats can be reduced to lower the bellows 11 pro-
duction cost. The bellows seal 1 can be made compact,
too. The number of bellows 11 pleats is desirably 6 or
less, or preferably 4.

[0037] Furthermore, because the seal ring 8 is struc-
tured in such a way that it is hermetically coupled to the
retainer 12 via a lap joint, no compressive stress acts
upon the seal ring 8 due to shrink-fitting unlike in the case
of Prior Art 1 and therefore damage due to compressive
stress can be prevented. Moreover, the seal ring 8 has
a standalone structure and therefore any change in flat-
ness due to heat can be minimized.

[0038] In addition, because the retainer 12 and seal
ring 8 are installed on the interior side face of the seal
cover 3 in a manner prevented from turning by the knock
pin 17, torque generated by the sliding of the seal ring 8
is received by the knock pin 17 and does not act upon
the bellows 11, which means that any fluctuation of the
sliding torque does not affect the bellows 11. Accordingly,
the bellows 11 only receives the stress generated by the
sealed fluid and the minimum internal stress from com-
pression, and consequently the compound stress can be
minimized and capacity to withstand pressure can be im-
proved.

[0039] Furthermore, as shown in FIG. 2, the seal ring
8 is set in such a way that its centroid in a section cut in
the axial direction is positioned on the retainer 12 side,
or specifically on the opposite side of the mating ring 9,
with respect to the center between the mating ring 9 and
retainer 12, and therefore when the pressure of the
sealed fluid acts upon the outer periphery surface of the
seal ring 8 as a uniformly distributed load, a clockwise
moment My around the fulcrum on the retainer 12 side
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generates along with a counterclockwise moment M,
around the fulcrum on the mating ring 9 side, in the re-
lationship of My > M,, meaning that the step 8B that
projects toward the mating ring 9 side of the seal ring 8
is higher on the outer periphery (this condition is referred
to as outer periphery contact or A-gap), while the step
8C that projects toward the retainer 12 side of the seal
ring 8 is higher on the inner periphery (this condition is
referred to as inner periphery contact or V-gap). As a
result, sealing performance of the sealing faces of the
seal ring 8 and mating ring 9 can be improved.

[0040] The displacement, in the opposite direction of
the mating ring 9, of the centroid of the seal ring in a
section cut in the axial direction happens because the
height of the step 8B that projects toward the mating ring
9 side from the main body 8A of the seal ring 8 having a
roughly symmetrical shape is set greater than the height
of the step 8C that projects toward the retainer 12 side,
which means that it can be achieved without impairing
the function of the seal ring.

[0041] In addition, because the inner diameter D; of
the step 8C that projects toward the retainer 12 side of
the seal ring 8 is set to that of the center diameter D, of
the bellows 11 or more, biasing force by pressure is add-
ed via the bellows 11 to the contact part on the inner
periphery side of the step 8C and therefore sufficient seal-
ing performance of the seal ring 8 and retainer 12 can
be maintained.

[0042] Additionally, because the width W, in the diam-
eter direction of the step 8C that projects toward the re-
tainer 12 side of the seal ring 8 is set smaller than the
width W, in the diameter direction of the step 8B that
projects toward the mating ring 9 side, the face pressure
between the step 8C and retainer 12 becomes greater
thanthe face pressure between the sealring 8 and mating
ring 9, which improves the sealing performance of the
seal ring 8 and retainer 12.

{Embodiment 2}

[0043] The bellows seal according to Embodiment 2
of the present invention is explained by referring to Figs.
3 and 4.

[0044] The bellows seal according to Embodiment 2 is
different from Embodiment 1 in terms of the shape and
structure of the seal ring that constitutes the first seal ring
and the shape and structure of the mating ring that con-
stitutes the second seal ring, but the remainder is the
same as those of Embodiment 1 and the same symbols
represent the same members in Figs. 3 and 4 as they
represent in Figs. 1 and 2, so duplicate explanations are
omitted.

[0045] The following primarily explains the parts differ-
ent from Embodiment 1.

[0046] In FIG. 3, a seal ring 28 is such that the cross-
section shape of its main body 28A is roughly rectangular
and a sealing face 28S on a mating ring 29 side of the
main body 28A has a planar shape, while a projecting
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step 28C is provided on the surface of the main body 28A
on the retainer 12 side. A sealing face 28S is in contact
with a sealing face 29S of the mating ring 29 facing it.
The tip of the step 28C also contacts the retainer 12. The
tip of the step 28C, and the end face of the retainer 12
contacting the tip of the step 28C, are lapped and the
lapped surfaces of the two are hermetically coupled via
a lap joint.

[0047] The mating ring 29 has a cross-section shape
which is roughly rectangular and the sealing face 29S on
the seal ring 28 side is shaped in a manner closely con-
tactable with the surface 28S of the seal ring 28 roughly
over its entirety.

[0048] As shown in FIG. 4, multiple dynamic-pressure
generation grooves 30, 31 are formed alternately on the
sealing face 29S of the mating ring 29 in the circumfer-
ential direction, where the grooves have roughly L-
shaped flex shapes that are symmetrical in the circum-
ferential direction. These dynamic-pressure generation
grooves 30, 31 consist of parts 30a, 31a that extend from
the outer periphery surface in a radial direction and parts
30b, 31b that extend further in the circumferential direc-
tion, where the parts 30b, 31b that extend in the circum-
ferential direction have inclined surfaces whose groove
bottoms become gradually shallower toward the ends on
the opposite sides of the parts 30a, 31a that extend in a
radial direction.

[0049] The dynamic-pressure generation grooves 30,
31 are micromachined to the order of um to a very small
depth.

[0050] Note that the dynamic-pressure generation
grooves 30, 31 shown in FIG. 4 are only examples and
they may be dimples or Rayleigh steps, for example, so
long as their shape is such that dynamic pressure is gen-
erated as a result of relative movement with the seal ring.
[0051] The bellows seal according to Embodiment 2
having the aforementioned constitution is such that,
when the mating ring 29 rotates together with the rota-
tional axis 4, the dynamic-pressure generation grooves
30, 31 on its sealing face 29S cause the fluid (sealed
fluid) present between them and the sealing face 28S of
the seal ring 28 to generate dynamic pressure. To be
specific, the dynamic-pressure generation grooves 30,
31 have inclined surfaces whose groove bottoms at the
parts 30b, 31b that extend in their circumferential direc-
tion become gradually shallower toward the end, and
therefore the fluid in the device that has entered these
grooves is compressed as a result of relative movement
between them and the sealing face 28S of the seal ring
28 and consequently dynamic pressure generates in the
thrust direction.

[0052] Then, this dynamic pressure causes the seal
ring 28 to separate slightly from the sealing face 29S of
the mating ring 29 by resisting the biasing force toward
the mating ring 29 by the coil spring 13, and as a result
a small gap is formed between the sealing faces 28S,
298 of the mating ring 29 and seal ring 28 and the shaft
seal function is exhibited in this gap while allowing for
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slight leakage of the sealed fluid.

[0053] As described above, the bellows seal 1 of Em-
bodiment 2 adopts a lap joint structure for a non-contact
seal.

[0054] The bellows seal 1 of Embodiment 2 having the
aforementioned constitution adopts a lap joint structure
for a non-contact seal and therefore it prevents the seal-
ing face of the seal ring from being worn during rotation
compared to the contact seal of Embodiment 1. In addi-
tion, the bellows seal 1 of Embodiment 2 has the same
effects as explained below that are provided by Embod-
iment 1.

[0055] To be specific, the spring 13 is installed on the
inner periphery side of the seal cover 3 along the axial
direction of the rotational axis 4 in which the bellows 11
extends/contracts, and since the spring 13 exerts suffi-
cient pressure on the seal ring 8 via the retainer 12, the
bellows 11 need not exert virtually any pressure on the
seal ring 8. As a result, the bellows 11 can be installed
in a state of near free length and any internal stress re-
sulting from the compression of the bellows 11 can be
minimized. This means that the number of bellows 11
pleats can be reduced to lower the bellows 11 production
cost. The bellows seal 1 can be made compact, too. The
number of bellows 11 pleats is desirably 6 or less, or
preferably 4.

[0056] Furthermore, because the seal ring 28 is struc-
tured in such a way that it is hermetically coupled to the
retainer 12 via a lap joint, no compressive stress acts
upon the seal ring 28 due to shrink-fitting unlike in the
case of Prior Art 1 and therefore damage due to com-
pressive stress can be prevented. Moreover, the seal
ring 28 has a standalone structure and therefore any
change in flatness due to heat can be minimized.
[0057] In addition, because the retainer 12 and seal
ring 28 are installed on the interior side face of the seal
cover 3 in a manner prevented from turning by the knock
pin 17, torque generated by the sliding of the seal ring
28 is received by the knock pin 17 and does not act upon
the bellows 11, which means that any fluctuation of the
sliding torque does not affect the bellows 11. Accordingly,
the bellows 11 only receives the stress generated by the
sealed fluid and the minimum internal stress from com-
pression, and consequently the compound stress can be
minimized and capacity to withstand pressure can be im-
proved.

[0058] The foregoing explained embodiments of the
present invention using drawings, but specific constitu-
tions are not limited to these embodiments and changes
and additions are also included in the present invention
so long as they do not deviate from the key points of the
present invention.

[0059] For example, as Embodiment 1 above ex-
plained a contact seal, while Embodiment 2 above ex-
plained a non-contact seal, the present invention can be
applied to either a contact seal or non-contact seal.
[0060] Inthe case of a contact seal, as in Embodiment
1, sealing performance of the sealing faces of the seal
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ring 8 and mating ring 9 can be improved by setting the
centroid of the seal ring 8 in a section cut in the axial
direction to be positioned on the opposite side of the mat-
ing ring 9.

[0061] Additionally in Embodiment 1 above, the dis-
placement, in the opposite direction of the mating ring
side, of the centroid of the seal ring 8 in a section cut in
the axial direction happens because, for example, the
height of the step 8B that projects toward the mating ring
9 side from the main body 8A of the seal ring 8 having a
roughly symmetrical shape is set greater than the height
of the step 8C that projects toward the retainer 12 side;
however, the present invention is not limited to the fore-
going and, for example, the main body 8A can have an
asymmetrical shape with the retainer 12 side having a
greater cross-section area, or the cross-section area of
the base of the step 8C can be increased so that the
cross-section area of the step 8C becomes greater than
the cross-section area of the step 8B.

{REFERENCE SIGNS}

[0062]

1 Bellows seal

2 Housing

3 Seal cover

4 Rotational axis

5 Sleeve collar

6 Sleeve

7 O-ring

8,28 Seal ring (first seal ring)

8A, 28A  Main body of the seal ring

8B Step that projects toward the mating ring side

8C, 28C  Step that projects toward the retainer side

8S Sealing face of the seal ring

28S Sealing face of the seal ring

9,29 Mating ring (second seal ring)

9S8 Sealing face of the mating ring

298 Sealing face of the mating ring

10 Adapter

1" Bellows

12 Retainer

13 Spring

14 O-ring

15 O-ring

17 Knock pin

18 Snap ring

30, 31 Dynamic-pressure generation groove

L Distance from the matingring side to the cen-
troid of the seal ring

b Distance between the mating ring and retain-
er

Dy; Inner diameter of the step that projects to-
ward the retainer side of the seal ring

D, Center diameter of the bellows

Wy Width in the diameter direction of the step

that projects toward the mating ring side of
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the seal ring

Width in the diameter direction of the step
that projects toward the retainer side of the
seal ring

Claims

1.

A bellows seal characterized by having:

a seal cover formed between a housing and ro-
tational axis and installed in a seal cavity;

a first seal ring positioned on an inner periphery
side of the seal cover ina manner freely movable
in an axial direction;

a second seal ring fixed to the rotational axis;
a bellows installed on the inner periphery side
of the seal cover between the seal cover and
first seal ring in a manner freely extendable/con-
tractible in the axial direction; and

a spring positioned on the inner periphery side
of the seal cover to bias the first seal ring in a
direction of the second seal ring;

wherein the first seal ring is hermetically coupled
by a lap joint to an end face of a retainer fixed
to the bellows, and the first seal ring and retainer
are installed on a seal cover side in a manner
prevented from turning by a knock pin.

A bellows seal according to Claim 1, characterized
in that the first seal ring has a step that projects
toward a retainer side and in that an inner diameter
of the step that projects toward the retainer side is
settothat of a center diameter of the bellows or more.

A bellows seal according to Claim 1 or 2, character-
ized in that the first seal ring is set in such a way
that its centroid in a section cut in the axial direction
is positioned on an opposite side of the second seal
ring with respect to a center between the second
seal ring and retainer.

A bellows seal according to Claim 2 or 3, character-
ized in that the first seal ring is formed in such a way
that its main body has a shape roughly symmetrical
to the centroid, in that it has a step that projects from
its main body toward a second seal ring side, and in
that a height of the step that projects toward the sec-
ond seal ring side is set greater than a height of the
step that projects toward the retainer side.

A bellows seal according to Claim 4, characterized
in that a width in a diameter direction of the step of
the first seal ring that projects toward the retainer
side is set smaller than a width in a diameter direction
of the step that projects toward the second seal ring
side.
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[Fig. 1]
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[Fig. 2]
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[Fig. 3]
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[Fig. 5]
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